A solid-phase radioimmunoassay developed in our laboratory for detection of human viral immunoglobulin M (IgM) and IgG antibodies was applied to demonstrate human class-specific antibody response against capsid, envelope, and excreted antigens of herpes simplex virus type 1. In primary infections, a clear IgM and IgG antibody response was found predominantly against the envelope components, whereas the IgM and IgG antibodies to the capsid antigen appeared more slowly. Increasing IgG antibody titers to the excreted antigen were also found in primary infections, though appearing more slowly than antibodies to the other subunit antigens. The antibody response against capsid and envelope antigens was not type specific, whereas in primary infections IgG class antibodies against the excreted antigen showed distinct type specificity. In recurrent infections, no significant level of IgM class antibodies was demonstrated, but in the patients with a severe secondary herpes simplex virus infection a definite IgM class antibody response was found against the envelope antigen. In addition, during severe secondary infections the antibody response against the excreted antigen was enhanced. The host IgG antibody response in recurrent infections was directed against the envelope and excreted antigens, whereas the level of the capsid antibodies was relatively stable.
A solid-phase radioimmunoassay developed in our laboratory for detection of human viral immunoglobulin M (IgM) and IgG antibodies was applied to demonstrate human class-specific antibody response against capsid, envelope, and excreted antigens of herpes simplex virus type 1. In primary infections, a clear IgM and IgG antibody response was found predominantly against the envelope components, whereas the IgM and IgG antibodies to the capsid antigen appeared more slowly. Increasing IgG antibody titers to the excreted antigen were also found in primary infections, though appearing more slowly than antibodies to the other subunit antigens. The antibody response against capsid and envelope antigens was not type specific, whereas in primary infections IgG class antibodies against the excreted antigen showed distinct type specificity. In recurrent infections, no significant level of IgM class antibodies was demonstrated, but in the patients with a severe secondary herpes simplex virus infection a definite IgM class antibody response was found against the envelope antigen. In addition, during severe secondary infections the antibody response against the excreted antigen was enhanced. The host IgG antibody response in recurrent infections was directed against the envelope and excreted antigens, whereas the level of the capsid antibodies was relatively stable.
Antibody response to subunit antigens of herpes simplex virus (HSV) types 1 and 2, i.e., the envelope, capsid, and soluble antigens, has been studied by the complement fixation technique (6) and by an indirect hemagglutination test (la). The findings hitherto can be summarized as follows: (i) in primary herpetic infections, antibody response against the envelope antigen is predominant compared to that against the capsid antigen; (ii) in patients with recurrent herpetic infections, antibodies against the capsid antigen seem to increase; (iii) recurrent HSV infections seem to broaden heterotypic reactivity between type 1 and type 2 immune sera with the capsid and envelope antigens; (iv) antibodies against the soluble antigen can be readily detected in animal immune sera, but only rarely in human serum specimens; and (v) none of these antigens shows significant type specificity, though in antibody response against proteins excreted from HSV-infected cells, on the other hand, considerable type specificity was observed in animal sera (5 (5) . The culture medium was decanted when the infected cells showed 75% CPE, usually 50 to 55 h postinfection. After low-speed centrifugation to remove the cellular debris, the supernatant was further centrifuged at 100,000 x g for 1 h to sediment the viral particles. The supernatant fluid was extensively dialyzed and considered as the excreted antigen.
Electron microscopy. Specimens from the crude, capsid, and envelope antigens were prepared on carbon-coated Formvar grids and negatively stained with 2% phosphotungstic acid, pH 6.5, and examined with a JEM 100C electron microscope (Fig. lac ).
RIA. The RIA used to detect class-specific HSV antibodies has been described previously in detail (Kalimo et (12) . After incubation for 1 h at 370C for IgG determination and for 16 h at room temperature for IgM determination, the radioactive solution was aspirated off and the balls were washed as above. The balls were removed into clean plastic tubes and the bound radioactivity was counted in a LKB Wallac 1280 gamma counter.
A positive and negative control serum and a buffer blank, where serum was omitted, were included in each test.
End-point titer values were obtained from the cpm (log,,,) versus dilution (log2) curve of each specimen. The end-point titer was taken to mean that serum dilution where the cpm values obtained were three times those of the negative serum in the IgG assay and two times the negative in the IgM assay. Titers were expressed as log2 values of reciprocals of the serum dilutions. Serum specimens. The serum specimens consisted of 64 specimens from 39 patients obtained from the Department of Dermatology and Department of Infectious Diseases at Turku University Hospital and from the routine material in our diagnostic laboratory.
The specimens comprised the following. (i) Twenty-three specimens were from 10 patients with a primary HSV infection: 6 patients with clinically established diagnosis of HSV type 1 infection, and 4 patients with type 2 infection. (ii) Twenty specimens were from 15 patients with a history of several recurrent herpetic infections during the past year: 11 patients with a history of orofacial lesions, and 4 patients with genital lesions. (iii) Fifteen specimens were from 10 patients with a past history of herpetic infections, with the proviso that the last infection have been more than 1 year previously. In this group no patient gave a definite history of genital lesions. (iv) Six specimens were from 4 Fifty percent of the convalescent sera showed antibodies with a low mean titer to the excreted antigen, whereas all sera from the patients with several recurrences or with past infections contained antibodies to that antigen in a significantly (P < 0.001) higher mean titer, thus demonstrating the slow appearance and increase of these antibodies.
In four patients with a severe secondary HSV infection (Table 3) , IgM class antibodies to the envelope antigen were demonstrated, but none of those patients showed IgM antibodies against the capsid antigen. In two patients from whom paired samples were available, a fourfold IgG antibody rise against the excreted antigen was observed, whereas one of the patients also showed a similar antibody rise against the envelope antigen and almost fourfold antibody rise against the capsid antigen.
DISCUSSION
In the present study, human antibody response to subunit antigens of HSV type 1 was studied by solid-phase RIA during primary and secondary herpetic infections. This highly sensitive method, which allows both IgM and IgG class-specific antibody detection, was applied to demonstrate antibodies to the HSV crude, capsid, envelope, and excreted antigens.
In the primary infections, an IgM class antibody response was clearly detected in all patients. In the acute phase of the infection, the IgM response was detected against the crude and envelope antigens, but not against the capsid antigen. However, during the convalescent phase, IgM antibodies were also demonstrated against the capsid antigen in all patients. In three patients from whom the specimens were obtained more than 4 weeks after onset, the IgM RIA antibodies against the capsid antigen had disappeared; simultaneously the IgM envelope antibody titers also decreased.
An IgG class antibody response against the envelope and crude antigens was mainly demonstrated concurrently with the appearance of the IgM class antibodies, whereas the IgG capsid antibodies were detectable somewhat later. Thus, it is evident that during primary HSV infection the host IgM and IgG antibody response is primarily directed towards the envelope antigen of HSV and that antibodies against the internal components appear more slowly. Similar findings have been also previously obtained by less sensitive techniques, namely, the complement fixation test (6) and the indirect hemagglutination test (la).
The predominant host response against the envelope components of HSV is conceivably connected with the early appearance of virusinduced antigens in the external membranes of HSV-infected cells. In tissue culture conditions after a few hours of infection, the cell surface acquires virus-specific antigens (3, 8, 10) , which both antigenically (8) and biochemically (9) correspond to the proteins in the viral envelope. Thus, already in an early phase of infection the antigenically altered cell surfaces are available to the host immune mechanisms. In addition, the antibodies against the envelope components seem to be of primary importance to the host since they contain the neutralizing activity (7, 11) .
The results of this study also indicate that HSV type 1 and type 2 share common antigens both in the envelope and in the capsid; thus a direct typing of antibody response using these subunit antigens does not seem to be possible. However, a distinct type specificity in the antibody response was observed against the excreted antigen, since all patients with a genital In earlier studies the antibody levels to the capsid antigen have shown a tendency to increase during recurrent HSV infections (la, 6). Our present results indicate that these antibodies remain relatively stable on the level reached in primary infection even in the patients with several recurrences. On the other hand, the level of antibodies to the envelope antigen seems to increase in the patients with several recurrent HSV infections, suggesting that the antigenically altered cell surfaces are the main antigenic stimulus also during recurrences. However, an increased antibody level to the excreted antigen was also found in these patients and an enhanced antibody response was found against the excreted antigen in the patients with a severe secondary HSV infection, a finding which could be used as a criterion in differentiating primary and secondary infections. The difference between the slow primary response to the excreted antigen and the enhanced reactivity during the secondary infections compared with the antibody response against the capsid and envelope antigens remains obscure at the moment. However, on the basis of our findings it seems reasonable to suppose that the excreted antigen differs antigenically from the capsid and envelope components of HSV. Consequently, the excreted proteins might be nonstructural ones as suggested (5) and as is the case with the proteins excreted from pseudorabies virus-infected cells (2, 5) .
Although IgM class antibodies could not be detected against any of the subunit or crude HSV antigens in ordinary recurrent infections, in the patients with a severe secondary infection, an IgM class antibody response against the envelope antigen was clearly demonstrated in all patients. In those patients a pronounced IgG class antibody response against the excreted antigen was also observed and, in one patient, IgG class antibody response against the envelope and capsid antigens. Our findings indicate that an IgM class antibody response is connected with severe, secondary HSV infections and suggest that also during recurrent infections of a less severe nature there might be a host IgM antibody response to HSV, though to a minor degree and beyond the sensitivity of the RIA technique used.
